(1) INTRODUCTION Whether variations with respect to frequency of births from hour to hour within the course of the day are such as we might expect in any situation in which an immensely complex congeries of circumstances conspires to reproduce the characteristic features of a random sampling system, or whether there is a systematic trend indicative of some predominant agency contributory to a manifest diurnal cycle, are questions of interest both at the administrative level, and from the viewpoint of the biologist in quest of a deeper understanding of the mechanism of labour. The issue has provoked not a few descriptive statistical inquiries of which the outcome has been inconclusive up to date. For reasons which follow, this is not surprising.
(i) To undertake any such inquiry with profit it is first necessary to be clear about the operational intention vis a vis the method of selecting relevant data. If the end in view is the concern of the administrator with the hours of work of the physician or of the midwife, we shall wish to base our conclusions on a representative sample of all births. If our aim is to clarify the processes which initiate healthy parturition, we shall wish to exclude all induced labours and all labours associated with pathological conditions. In that event, the time of onset rather than the time of delivery is most relevant to a useful decision; but results of enquiries at different times in the same place, or in different places at the same time, might well prove to be discordant in virtue of different fertility levels, if special circumstances attendant on delivery of the first-born effectively mask a manifest trend among later births.
(ii) If we take cognizance of the foregoing considerations regarding the selection of data, and more especially of the need to compare time of delivery with time of onset, we must also allow for the possibility of new sources of observational error. To date the time of onset we must rely on the testimony of the mother with a prospect familiar to statisticians in contact with census enumeration, viz. clumping of data around fashionable numbers. Furthermore, we shall need to be clear that our criterion of onset is consistent. It will thus be apparent that the customary appeal to tests for goodness of fit will throw little light on a conclusive answer. Any such test employed to date in the context of this enquiry invokes the unique null hypothesis that the distribution is rectangular, subject to randomwise variation due to error as such or to natural variation. We need not take sides in the current controversy concerning the rationale of test procedure, if we here insist that any source of systematic error comparable to clumping of the sort mentioned will prejudice the prescribed interpretation of the test result.
The rejection of the customary null hypothesis does not answer the question: is there a diurnal cycle sensu stricto? For its rejection is consistent with an infinitude of alternative hypotheses for a reason which it is pertinent to recognize when assembling data of the sort under consideration, regardless of what attitude we adopt to test procedure in general or the x2 test in particular. To speak of a diurnal rhythm implies a day-to-day regularity with respect to events which occur within one and the same 24-hour period. The mere existence of a peak in the course of the latter in a single pool of data based on different days does not prove that such a regularity exists. Since we must pool our data in some way, some chronological subdivision of the pool, such as the seasonal split discussed below, is therefore prerequisite to conclusive demonstration that the same pattern recurs on different days.
(iii) It is less obvious to the statistician who is not en rapport with recent advances in the study of the sex hormones, that the methodofpooling as well as the method of selecting the data of such an inquiry is eminently relevant to the outcome. If a trend exists in any sense of the term intelligible to the physiologist, we must seek its origin among either or both of two categories of agencies which may conceivably reinforce or conceivably neutralize one another. Physical events such as light and temperature impose on the material environment in which parturition occurs a diurnal rhythm, and the normal routine of work, meals, and sleep imposes a diurnal rhythm on the social environment. (Simpson, 1952 THE HOUR 0! BIRTH The time of birth can be thought of as the result of two sets of processes, those which initiate labour, and those which determine the duration of labour.* Presumably, at each stage, different types of influences may be predominant. For reasons stated, the time of onset of labour, though far less susceptible to accurate observation, should show more clearly than the time of delivery whether in fact variations attributable to one or the other have a detectable effect. The method here adopted is therefore first to examine the distribution of times of onset, and then to explore, in conjunction with duration of labour, the distribution of times of delivery. To define more precisely in what circumstances, if any, a diurnal variation is detectable, and with a view to its interpretation, births were first classified as referable to primigravidae or multigravidae, as domiciliary or institutional, and as taking place at a given time of year. In the first instance, as is described in more detail below, all births accompanied by some circumstance likely to affect the onset or course of labour were excluded. To provide at the same time information directly relevant to the issue as it presents itself to the administrator, Tables will also be given covering live and still births of all types.
(2) MATERIAL AND METHODS The Public Health Department of the City of Birmingham receives, for resident live and still births occurring in the city, an Antenatal and Delivery Record completed by the midwife in the case of domiciliary births, and by a member of the hospital staff in the case of hospital births. These records are copied on to the Health Visitors' Records, and the original delivery records were made available to us by the courtesy of the Department of Maternity and Child Welfare.t They call explicitly for the date and exact time of onset and delivery. The duration of labour to the nearest hour is computed from these times and recorded by the office. Some hospital forms, however, give the duration of labour to the nearest minute or hour together with the time of delivery. These delivery records have been received for live births since January 1949 and for stillbirths since January 1951. Rendition has not been complete and is estimated at about 90 per cent.
for live births during the period covered by the inquiry. About half the missing records are those of nursing-home and private-doctor patients and these constitute a possible source of bias. Among the delivery records available, time of onset or delivery was not given or was ambiguous in about 6 per cent. Rendition was complete for stillbirths in 1951, in that a record existed, but the absence of some material particular reduced the usable records to 93 per cent. of the total. The total number of live and still births for which times of onset and delivery were tabulated exceeded 16,000.
Of the two times recorded, the exact moment of delivery has legal significance, and the method of obtaining the information suggests that in general the times recorded should be reasonably accurate. In the case of babies born before the arrival of a medical attendant, information is hearsay and hence less accurate. The times of onset are much less reliable. The onset of labour is defined in Birmingham practice, both domiciliary and hospital, as the first painful contraction of the uterus followed by others at regular intervals. Yet it has seemed that hospitals may sometimes regard rupture of the membranes as constituting onset. In addition to ambiguities surrounding the actua,l event, the observer is the mother only and hence the record is a stage further removed from first-hand recording. As a result there are indications in part of the data of clumping at even hours. Whether in addition biased errors occur can only be determined, if at all, from the results.
The delivery records contain particulars of plurality, the antenatal record, the type of labour, and the condition of the infant. As indicated above, a number of records were excluded where circumstances seemed likely to affect materially the onset or course of labour. Those excluded were: (a) stillbirths; (b) second twins, second and third stillbirths; (c) antenatal complications: toxaemia, positive Wasserman, rubella, non-toxic ante-partum haemorrhage, pyelitis, hydramnios, endocrine dysfunction; (d) medical or surgical induction or delivery; (e) all presentations other than vertex; (f) all congenital malformations of the infant.
The records were complete in respect of plurality, and very nearly so in respect of type of labour, presentation, and congenital malformations. The antenatal record was less complete, and some of the named complications may have been missed, but these, together with the complications not rejected, ENID CHARLES were few in number. The association between antenatal complications and medical or surgical intervention, etc., ensured that the more complete screening of the rest of the record would eliminate most of the missed antenatal complications. Hence the cases analysed, hereafter referred to as "selected cases", consist very largely of pregnancies and labours free from any pathological disturbance up to the time of delivery, except for the minor common complaints, anaemia, and varicose veins.
The selected cases fall into two groups. First all the 1950 and 1951 cases falling in the 4-weekly periods round the solstices and equinoxes were examined with a view to possible effects of light intensity. As numbers of births fall off towards the end of the year, these were supplemented by all remaining cases in August-September and NovemberDecember. Parity was obtained for the second set of cases. This item is not given on the delivery records so each record had to be matched with its corresponding punch-card in the ifies of the Maternity and Child Welfare Department. The considerable labour involved unfortunately limited the numbers available for analysis by parity. All records were sorted as domiciliary or institutional births, the former including. "born before arrival" and ambulance deliveries.
(3) TIME OF ONSET (a) All Selected Cases.-As a background to the differences found among different types of births, Table I All eight distributions show a peak similar to that in Fig. 1 . In six it falls in the same place, 2 a.m. to 3 a.m., and in the other two it falls between midnight and 1 a.m., and between 1 a.m. and 2 a.m. The minimum, being less clearly defined and involving sometimes very small numbers, is much more scattered, but all fall in the daytime, between 8 a.m. and 10 p.m. The greatest difference between the unsmoothed distributions is shown by the domiciliary onsets in August (Fig. 2) . The differences between primigravidae and others are most simply shown by percentages in 6-hour periods (Table II ). In the periods of maximum and minimum onset, 11 p.m. to 5 a.m. and 11 a.m. to 5 p.m., the differences between primigravidae and others are quite consistent, the former showing higher percentages in the maximum period and lower in the minimum. The shapes of the distributions are so much steeper in primigravidae, that in every case but one they also show lower percentages in the remaining 6-hour periods.
Of the minor periodicities mentioned earlier, clumping at even numbers is shown only by the domiciliary multigravidae. There are indications of a 4-hourly period throughout the domiciliary births and among the institutional primigravidae. To show parity differences free from minor periodicities and irregularities, the four percentages for each parity sub-class were averaged and a four-hour moving average computed (Fig. 3) Table III shows domiciliary and institutional differences without distinction of parity. In the early part of the year, the domiciliary distributions are the steeper; in the latter part the reverse is the case. While the number of hospital beds remains the same throughout the year, the number of births is at a maximum in the early part of the year and least in November and December. This suggests a higher proportion of primigravidae delivered at home in the early part of the year, as was found to be the case when August was compared with November. The domiciliary and institutional figures of the latter part of Table III (d) The Seasons.-Although elucidation of the possible effects of variation with reference to intensity and amount of light, as also to the relative long wave-length content, was a major pre-occupation of the author's method of sub-dividing the group.bmj.com on November 6, 2017 -Published by http://jech.bmj.com/ Downloaded from nearly one hour between the daylight-saving months June, August, September, and the remainder, if the diurnal rhythm of onset time had its basis in the neurohumoral mechanism of pituitary activation by light. There is no trace of any such shift.
The figures for 6-hourly periods already given in Tables II and III show that for domiciliary cases the distribution for August is somewhat steeper than that for November. Table IV , covering four seasonal periods, suggests that the summer months tend to show a sharper peak than the winter months. (e) Rejected Cases and Stillbirths.-As described earlier, 3,794 cases were omitted from analysis because of some features likely to affect the course of labour more or less adversely. Though a very heterogeneous assemblage, the picture presented by these cases, together with 386 stillbirths, may prove suggestive. Fig. 8 (opposite) shows the unsmoothed distributions of the rejected cases compared with those analysed above. The distribution as well as being flatter, is markedly shifted to the left. The peak is now at 10 p.m. and the minimum at 8 a.m. The shape of the curve is obviously quite different from any encountered previously. Fig. 9 (overleaf) gives 4-hour moving averages for the rejected cases, sub-divided into domiciliary and institutional, and for the stillbirths. The stillbirth distribution has shifted still further to the left, and there is a suggestion of bimodality, in that, When, however, we compare the peak period with the peak times of onset, it is seen to be different from expectation. Both the unsmoothed curve and the 4-hour moving average show a maximum only one hour later than the maximum time of onset. In describing the expected times of delivery, the assumption was made that there was no reason to expect differences in duration according to time of onset. aearly a peak delivery time at about 3 a.m. is inconsistent with this assumption. The situation can be seen more clearly when we examine primigravidae and multigravidae separately. To verify that deductions from the known parity sub-classes are applicable to the whole group, Fig. lO .also shows the percentage distribution of all cases with known parities. In so far as the maxima are concerned, the distribution of the smaller class corresponds very closely to that of the whole.
(b) Parity.-Figs 11 and 12 (opposite) show distributions of delivery times for primigravidae and multigravidae respectively. Owing to the much greater spread of durations in primigravidae, the curve of delivery times is, as one would expect, much flatter, and the longer durations bring more deliveries into the day-time. Multigravidae show a more definite maximum. The 12-hour period with the most deliveries is between 9 p.m. and 9 a.m., which includes 57 5 per cent. of all deliveries. In the 6-hour period 2 a.m. to 8 a.m. are found 31-4 per cent. of the deliveries. Both distributions show the discrepancy referred to previously, in that the hour of maximum occurrence is some 3 hours earlier than would be expected from the times of onset.
The relationship between time of onset and duration of labour is a complex one. What seems to determine the form of the delivery time curve is the modal duration for each time of onset, but, owing to the small numbers at single hours, the mode in this context can be extended to mean the 3-hour period with the largest number of durations. If all other durations are disregarded, and delivery times calculated from these durations alone, a group.bmj.com on November 6, 2017 -Published by http://jech.bmj.com/ Downloaded from ENID CHARLES distribution can be obtained which is very close to the actual one. The 3-hourly modes forprimigravidae and multigravidae are given in Table VII. To explain the distributions in detail would require a ponderous amount of arithmetic, but Table VII should suffice to indicate that the antedating of the major peaks for both primigravidae and multigravidae results from a piling-up of short durations from two directions. In labours starting at 11 p.m., midnight, and 1 a.m., the mode is reached early, but in labours starting at 4 a.m. to 7 p.m. it is reached late and both contribute to the maximum found.
The primigravidae: night, 15 9 hrs; day, 17'2 hrs, multigravidae: night, 9 6 hrs; day, 10 -5 hrs.
The explanation suggests itself that when labour starts during sleep the first few contractions may not awake the subject and thus the duration may appear shorter. This would, however, hardly seem to account for the shorter durations starting at 10 and 11 p.m., and it might be that when the day's activities are over the uterus is more relaxed and a slight advantage gained in the course of labour.
Since the pattern of delivery times is so different for primigravidae and multigravidae, detailed study of domiciliary compared with institutional births would be fruitless with the relatively small numbers available after parities have been distinguished.
It is also worth noting that the distributions of delivery times are more irregular than those of onset times, possibly because of the superimposition of widely varying duration times upon a comparatively simple pattern of onset times, so that the order manifest in the smallest groups of onset times is less easy to detect. We shall, therefore, after examining the rejected cases and stillbirths, present Tables  ofmainly administrative interest showing the'delivery times of all births.
(c) Delivery Times for All Births.- Fig. 15 (opposite) shows 4-hour moving averages for rejected cases and stillbirths. As would be expected from the onset times, deliveries in both types are more evenly distributed throughout the 24 hours. For rejected cases, 52 per cent. of deliveries occur between 9 p.m. and 9 a.m., and 28 per cent. between 11 p.m. and 5 a.m. This is but little in excess of a uniform hourly distribution. For stillbirths the maximum 12-hour period is from noon to midnight with 54 per cent. of deliveries; 30 per cent. occur between 1 p.m. and 7 p.m., but the number of cases is so small (386) that the afternoon peak may be of little significance.
For administrative purposes, the incidence of all deliveries irrespective oftype is ofinterest. 10P.m. The results of Table VIII can be compared with the two other sets of data previously mentioned for Lancashire and New York, the latter being available for 3-hourly periods only. It is not clear whether the Lancashire figures include stillbirths and the proportion of these is higher in the New York data, but the proportion of stillbirths is in any event too small to affect the broad picture. In general the Birmingham results agree fairly well with both New York and Lancashire, perhaps more closely with the latter. All three sources give a peak period between 3 and 6 a.m. The New York distribution shows the least difference between day and night, and the Lancashire figures the most, but in the latter case the maximum 12-hour period starts at 11 p.m.
The main point, in which the Birmingham data differ from the other two is that both New York and Lancashire show a pronounced peak at about 10 a.m. This is found in New York in both live and still births, being particularly marked in the latter..
One of the four sub-classes of Birmingham primigravidae show a pronounced peak at 10 a.m., but otherwise there is no trace of one. The primigravidae, as a whole, however, have a pronounced peak at 11 a.m. which probably corresponds to the Lancashire one (Fig. 11 ). This peak is visible in the graph of all selected cases (Fig. 10) , though it has almost disappeared when all live and still births are taken together. The Lancashire and Birmingham patterns could be reconciled if there were a considerably higher proportion of first births in Lancashire. A high proportion of first births is indicative of low fertility, and the textile districts of Lancashire have long been known to be relatively very infertile (Charles and Moshinsky, 1938 At an earlier stage, we have noted that a single set of pooled data does not by itself provide adequate evidence of a diurnal cycle; but our analysis has indeed shown that the same diurnal pattern is manifest in pooled data of sub-groups referable to different calendar periods. We may submit the issue to a more exacting test by considering a succession of individual days. In the present study, there were available 66 continuous days in 1950 from August 1 to October 5. Unfortunately, the numbers in any one day were small, the average number of onsets per hour being only 1 *4; and there is hence considerable scatter. Yet even such small numbers furnish corroboration for the view that there is a regular diurnal cycle. On 86 per cent. of the days, more than the expected number of labours started in the maximum 6-hour period, i.e. 11 p.m. to 5 a.m. A clearly defined peak appeared in 46 days, and of these peaks, 61 per cent. occurred in the same 6-hour period, the largest number being at 2 a.m. to 3 a.m.
Evidence supplied by such a consecutive series ofdays is amenable to scrutiny from anotherapproach by recourse to the periodogram technique. We then consider the data as a series of 1,584 consecutive hours and seek for evidence of any periodicity. This forestalls any possible bias which might arise from pooling the data by days as has been done hitherto. Fig. 16 shows the result of a periodogram of oscillations at periods from 2 to 30 hours. The dotted lines indicate that some intervening values have not been determined. There is a minor period at 4 hours and multiples thereof. The main feature however is the 24-hour period standing out very sharply from neighbouring values. The examination of a consecutive series of hours does therefore substantiate, by a different method, evidence already presented for the existence of a diurnal cycle with respect to times of onset of labour.
(6) SUMMARY The author, no less than the reader, is well aware that this inquiry has raised many more questions than its outcome can answer. One reason for this is to be found in the limitation of hand processes.
Owing to the complexity of the phenomena, more comprehensive and decisive conclusions would be justifiable only if based on more elaborate crossclassification, involving recourse to a much larger number of cases. Without mechanization, the labour involved in an inquiry planned on such a scale would be prohibitive. Unfortunately 
